An ultrarelativistic wind generated by a rotating, strongly magnetized object (neutron star, accretion disc or black hole) is considered. It is shown that the selfconsistent solution requires a singular electric current to flow along the axis of symmetry
INTRODUCTION
Relativistic magnetohydrodynamic (MHD) winds, in which much of the energy is transported by electromagntic stresses, were first studied in connection with pulsars (see, e.g., the review by Lyubarskii 1995) . There are strong arguments that similar but large-scale outflows exist in active galactic nuclei (Begelman et al. 1984; Rees 1984) . Unfortunately, the global picture of the magnetized relativistic wind is not yet established, even qualitatively. In the force-free approximation, exact solutions were found by Michel (1973) for a rotating magnetic monopole and Blandford (1976) for a rotating magnetized disc. For the pulsar wind, the force-free approximation is certain to be valid, perhaps up to the light cylinder. The solutions mentioned above demonstrate that there can exist a force-free magnetosphere in which plasma smoothly streams beyond the light cylinder to large distances. The existence of a smooth plasma flow beyond the light cylinder is ensured by the longitudinal current which maintains the azimuthal magnetic field. The magnetic field lines then become trailing spirals and the plasma moves along them at a velocity lower than the speed of light. The flow velocity remains lower than the speed of light further out, provided the electric field is weaker than the magnetic field.
In the above-mentioned solutions, the ratio E/B goes to unity at infinity and therefore the velocity of the flow grows closer and closer to the speed of light. The general asymptotic solution for the force-free flow in the far zone (Ingraham 1973; Michel 1974 ) exhibits the same behaviour. Therefore the inertial force ultimately becomes important and the force-free approximation is violated. Thus these solutions are not self-consistent. In its tum the full set of disspationless MHD equations, which take into account the inertial force, have no solutions in which an ultrarelativistic flow starts with a large ratio of the Poynting energy flux to that of the plasma (see Kennel, Fujimura & Okamoto 1983 and references therein). The physical reason is rather simple. Acceleration of the flow is accompanied by a transition of the energy from the electromagnetic field to the plasma. This requires the closure of the corresponding fraction of the longitudinal current and, as a result, an appropriate decrease in the azimuthal magnetic field. Since the magnitude of the electric field is already close, in the far zone, to that of the magnetic field, such a process would inevitably lead to a violation of the condition E <B. It then follows that a relativistic flow in which much of the energy is initially transported by magnetic stresses and then transmitted to the plasma cannot be produced.
Let us speculate about the behaviour of the Poyntingdominated flow in the far zone. According to the abovementioned force-free solutions, the flow accelerates and E comes closer and closer to B. However, if the inertial force is taken into account, E must become equal to B at a finite distance because of the current closure and the corresponding decrease in B. Let us assume for a moment that the plasma does accelerate until E becomes equal to B. At this point, a strong current would arise across the magnetic surfaces, because in the case in which E =B all positrons move along the electric field vector whereas electrons move in the opposite direction. This transverse current would be completed by a current along the axis of the system. So an additional longitudinal current would arise, which would produce an additional azimuthal magnetic field, and then B would again become larger than E. So one can anticipate the formation of a singular current flowing along the axis, because the current distribution in any real MHD system is adjusted to preserve the condition E < B, that is to avoid an uncompensated electric field in the plasma rest frame. Note that just such a singular current has been already found by Contopoulos (1994) in mildly relativistic outflows from accretion discs. Here ultrarelativistic outflows with a singular current will be considered.
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Current distribution in Poynting-dominated outflows 605 2 ASYMPTOTIC SOLUTION WITH A SINGULAR CURRENT
The structure of the axisymmetrical outflow is conveniently described by the magnetic flux function A whose level lines trace magnetic surfaces. Below we assume thatA =0 at the axis. Electromagnetic fields may be found making use of the formulae
Here, Q is the angular velocity of the rotating central body, 1 (A) the total current in the magnetic flux tube bounded by the surface A = constant. In the force-free flow, the current flows along the magnetic surfaces. The formula for the electric field E was obtained directly from the frozen-in condi- 
Here 10 =1 (0) is the singular current flowing along the axis. Indeed, resolving this equation one can write JJ~ -~JJ;;.
Near the axis u -+ 00 and the integral in the right-hand side diverges logarithmically; therefore the equation fulfils only if 1(0)=10. Ingraham and Michel took 10=0, but we will consider the general case according to our preliminary considerations.
'We consider distances large as compared with the light cylinder radius but small as compared with the distances where the pressure of the ambient medium may confine the flow. As to the 'hourglass' configuration of the flow from the accretion disc (in the relativistic case such solutions were found by Blandford 1976 and Contopoulos 1994) it may be considered only as an intermediate asymptotic because it is obtained formally for the infinite disc threaded with the infinite magnetic flux.
Plasma motion in the magnetized flow may be considered as the superposition of free streaming along the magnetic field lines and drift with the velocity vD=cE x B/B2. The magnetic field in the far zone is predominantly azimuthal, therefore the drift velocity is directed almost radially. One can easily find from equations (1) 
where r 1 =c/Q is the light cylinder radius. Recall that 1 is in fact dependent on coordinates viaA(z/r). The corresponding Lorentz factor may be expressed as
This estimate provides a lower limit on the plasma energy, since the total velocity is generally larger than the drift one. At r« rlllo, I'D grows linearly with r just as in the flow with 10=0; at r»rlllo it goes to the constant
Therefore the plasma energy may remain finite only if 10"# O.
One can choose 10 such that the inertial force remains negligible, and in this case the obtained force-free solution is a self-consistent one.
Our purpose now is to estimate the current 10 which will provide the self-consistent force-free flow of the pulsar wind. According to the convenient view (see, e.g., Lyubarskii 1995), pulsars expel electron-positron pairs at a rate of (7) ce where R* is the neutron star radius, B the magnetic field on the surface of the star, K'" 10 4 • The characteristic Lorentz factor of the pairs is r '" 100. The total energy transported by the pulsar wind is generally estimated as (8) The fraction of this energy transported by plasma itself is initially low, rmc 2 N/W« 1, that is, the Poynting flux dominates the energy flux.
At first glance, the flow remains a force-free one until the plasma energy flux remains low as compared to the Poynting flux. However, in the far zone this is not the case: the transfer of even a small fraction of the electromagnetic energy to the plasma may imply a significant deviation of the flow velocity from the velocity calculated in the force-free approximation. According to our force-free solution, which neglects the energy transfer to the plasma, the flow is accelerated up to the Lorentz factor 1'0 (see equation 6). In real flow, the fraction ~ = I'omc 2 N/W of the Poynting flux will be transferred to the plasma. According to the electromagnetic energy balance equation,
VS=Ej,
where S is the Poynting flux and the same fraction ~ of the longitudinal current will be closed, which implies a corresponding decrease in the azimuthal magnetic field. Therefore the drift velocity vD=E/B increases by 
where P is the pulsar period. We believe that this strong inequality may be softened if we take into account the inertial forces, and the above solution remains qualitatively correct even if both sides of the inequality are of the same order. This condition was obtained assuming that the flow was accelerated, Yo> r. In the opposite case,
The asymptotic lower limit on the plasma energy (see equation 6) remains less than the initial energy and the flow is not accelerated at all. Therefore the energy transfer (and corresponding current closure) does not occur, and the force-free approximation remains valid. For typical pulsar parameters the inequality (10) is less restrictive than (9), therefore one can conclude finally that a singular current of the order 10-2 of the total current is enough to provide a force-free flow in the pulsar wind.
DISCUSSION
We obtain a far-zone solution with a formally singular current flowing along the axis. This current is a singular one only from the large-scale view. Its width is, in fact, finite, and should be determined by the processes in this current jet.
The kink instability appears to be the most important process, and provides effective dissipation and heating of the plasma (Lyubarskii 1992) . So the flow near the axis should be dissipative and not force-free. One can assume that such a structure generates, in the magnetized outflows in active galactic nuclei (AGNs), the high-energy radiation beam observed from blazars. Also to the main body of the flow, it should also suffer MHD instabilities because configurations dominated by the azimuthal magnetic field are certainly unstable. In the quasi-spherical flow, such instabilities should be more complicated than the simple kink instability of a straight jet, and their growth rates will presumably be lower. Nevertheless such instabilities are of crucial importance because they destroy the regular magnetic structure and trigger anomalous dissipation. The dissipation is, in its tum, necessary to transfer the electromagnetic energy to the plasma (cf. Shibata 1991; Lyubarskii 1992; Mestel & Shibata 1994) . So the solution obtained in this note should be considered only as a step towards the full solution. The latter should include the heating of the plasma as a result of anomalous dissipation triggered by MHD instabilities. The growth rates of the instabilities should decrease with the Lorentz factor of the flow because of the relativistic slowing down of time. Therefore stability properties of the obtained solution should differ significantly from those of the solutions without a singular current, in which the Lorentz factor of the flow grows to infinity.
